(l2)tt»ta*ftl|&l=»"3l*T»M**tfcBII&HilH 



m^mmm 
(43) Hi^^wa 

2005 R15 B (15.09.2005) 




PCT 



111 II 1^ 



do) mm^mm^ 

WO 2005/085435 Al 



(51) mt&Mt'f-ftW 7 : C12N 15/09,9/04, C12P 17/12, 17/16 



(21) SII$ttfiB»-E 

(22) HRgffilSIB: 



(25) fflf^tbiirowil: 



(26) S^^gSCDBlg: 



PCT/JP2005/002755 



2005 ^2 R 22 H (22.02.2005) 



□ P 



0 ^5 



pp 



(30) ffiSfcltT 1 — 

*#M2004-061238 2004 ftfl4S (04.03.2004) JP 

(71) SIX (*I!£R& < ^TCDtiSUfCOlvTJ: * 

3C#a*J¥/W y □ v — fiff55F/r (marine 

BIOTECHNOLOGY INSTITUTE CO., LTD.) [JP/JP]; 
T 0260001 S^HH^rti^Ba IS 3 tfeflj 75f 1 Iwate 
(JP). 

(72) £601*; tS^Zf 

(75) «W#/WIHA (^HfCOlxTO)*^: Sf»-« 
(SfflNDO, Kazutoshi) [JP/JP]; T 3701201 H Jl H A 
H^rfi3tfCS?fflT 4 2 3 3-1 8 Gunma (JP). flP^it ^ 
(KAGAMI, Osamu) [JP/JP]; =f 0260001 S^^H^rli 



P v — SJF^FJf Iwate (JP). H;R (MI SAW A, Nori- 
hiko) [JP/JP]; t 0260001 S ^ If 5" rfT *F BB IS 3 tfetlj 

75t 1 *a*a»»/W*^^y p^— wSEHfft 

Iwate (JP). "SJH Ittfr (FURUKAWA, Kensuke) [JP/JP]; 
T8114141 fflH!IR§*flfcrti*# 3 6- 1 1 Fukuoka (JP). 

(74) ftIA: H(fflRAKI, Yusuke et al.); t 

1050001 JKffi»*B*y P14T@ 3f 20^tt^SlT 
MTtjU 9 18 Tokyo (JP). 

(si) Sffiiiu«*a>£i*isy. ±Ta)«sa)Hrt«Hl35< 

pltgj: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 

ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, 
US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) ft^BuasscDft^Ry. ±x<Dmm<ojtMM 

J^RTt£): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V /< (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 

IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 



(54) Title: PROCESS FOR PRODUCING PICOLINIC ACID COMPOUNDS 



(54) #§BJ<D«ffc: tf 3 U >mm<DM&Jj}£ 



H1-A1 





P2-A1 




C1-A1 





(I) 



(II) 



(III) 



< 

IT) 



H1-A1 





COOH 



P2-A1 




COOH 



C1-A1 




COOH 



00 



en 



(ID 



(MD 



IT) 



o 



(57) Abstract: A process for producing picolinic acid compounds. The process, which is for producing picolinic acid compounds, 
comprises reacting phenyl-containing aromatic compounds represented by the following formula (I), (II), or (III) with an aromatic 
ring dioxygenase, an aromatic ring dihydrodiol dehydrogenase, and an aromatic ring diol dioxygenase to obtain picolinic acid com- 
pounds (I'), (II'), or (III'). (I) (II) (III) (I') (II') (III') [In the formulae, HI is an optionally substituted heterocyclic group; Al is a single 
bond or an optionally substituted Ci_ 4 alkylene or alkenylene; P2 is optionally substituted phenyl; and CI is an optionally substituted 
cyclic hydrocarbon group (other than phenyl); provided that the formula (II) is not diphenylacetylene.] 
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[oooi] *mm<Dm^&&ffiftm^mi&fr^k&%<D^mmji¥ (biocataiytic 

engineering) l?fe5 0 ^tfH-te, m&ttmW^<DB&xM±y!l&m\< ^^M^L 



\_;<.^(jr=LZ//^— i/al/ (bioconversion) ; /*4$~hz7>^73 — ^—i^al^ ( 
biotransformation) t^m?l Sl±tffi*tifi^{^^ (X.mWM) & 

^Stray VBft (picolinic acid) K^gm^fc^it^^ i^V^M) ^W^rt^ 



[0002] i/=L— K^E^T*. • KT/V^yy^-^. ( Pseudomonas pseudoalcalieenes ) KF707 

Furukawa,K.2%7J ? Miyazaki,T., "Cloning of gene cluster encoding biphenyl and 
chlorobiphenyl degradation in Pseudomonas pseudoalcaligenes ." J. Bacterid., 166^ 
, p.392-398, 1986^) 0 ^£X\^ \f 7 ^~7VjMftjmf&i&J&D\f 

^mm(om^mm\^m^x^<(D^^mm^x\^{t^tx.\^ Furukawa,K., " 

Engineering dioxygenases for efficient degradation of environmental pollutants," 

Curr. Opinion Biotechnol.,ll#,p.244-249.2000^#flB) o tlO©4SJS©K , 7x- 
/l/^|?^||CO^|g^T^^ , f"(Suenaga,H.,Goto,M.,^Lt) ? Furukawa,K., " 
Emergence of multifunctional oxygenase activities by random priming recombination 
" J. Biol. Chem., 276^, p.22500-22506, 2001^) 0 
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BphA CBphAlA2A3A4) 



fcf7 * =A 




BphB 




BphC 

OH ~ 




NADH + H ^^^OH °2 
S** A- 




BphJD 



COOH 



"OH 



COOH 



[0003] _b|E©^at{K^, "T^^ bDhA ( bphAlA2A3A4 ) „ buhB . R T^ bphC iw 

[0004] tfStte^UT, '>a-KW-^K7/l'*!) 

y^KF707^fe5feCDtf 7s^^^t- if (bphA) Sr^H^bl 

^M^S^R^^ttTV^SCMisawa, N., Shindo, K., Takahashi, H., Suenaga, H., Iguchi, 
K., Okazaki, H., Harayama, S.,R.t^Furukawa, K., "Hydroxylation of various 
molecules including heterocyclic aromatics using recombinant Escherichia coli cells 
expressing modified biphenyl dioxygenase genes." Tetrahedron , 58^, 
p. 9605-9612, 2002^; Shindo, K., Nakamura, R., Chinda, I., Ohnishi, Y. 
Horinouchi,S., Takahashi, H., Iguchi, K., Harayama, S., Furukawa, K.^I^Misawa, 
N., "Hydroxylation of ionized aromatics including carboxylic acid or amine using 
recombinant Streptomvces lividans cells expressing modified biphenyl dioxygenase 
genes." Tetrahedron , 59#, p. 1895-1900, 2003^;Xf3#^2OO3-269-^# # 

3* (BphAl) Sr=i*-K*t-SDNASr, $L(D\? 7^=- tVfffifm^^ih&f 7V#ifr;V7 s ]}T 
( Burkholderia ) SLB400^S*7)bf:7;^/^^^^r^— if ©^-^jx- y \* (b 
phAl)£:=t— Ki"SDNAfc©ra"eDNA^7IJ^^(DNA shuffling) £frV\ Sf# 
M't4^i|iS^JA^*{5^[b^h^(2072)afE^^^]^S^^tLTV^o ^Obp. 
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hAl (2072) 1 „ v^— K^E-^ • v^— U ^^KF70 7^ ft 5f5©lf 7 

(bphA2A3A4at^) - if (f£) <D 



Misawa, N., Shindo, K., Takahashi, H., Suenaga, H., Iguchi, K., Okazaki, H., 
Harayama, S.^I/Furukawa, K., " Hydro xylation of various molecules including 
heterocyclic aromatics using recombinant Escherichia coli cells expressing modified 
biphenyl dioxygenase genes." Tetrahedron , 58^, p. 9605-9612, 2002^- ; Shindo, 
K., Nakamura, R., Chinda, I., Ohnishi, Y. Horinouchi,S., Takahashi, H., Iguchi, K., 
Harayama, S., Furukawa, K.,2&.U"Misawa, N., "Hydroxylation of ionized aromatics 
including carboxylic acid or amine using recombinant Streptomvces lividans cells 
expressing modified biphenyl dioxygenase genes." Tetrahedron , 59^#, 



p. 1895-1900, 2003##fiS)o i"&fc>*^ DNA^^yy/LfcBft^tf^—/]^;^ 
^-T— if ifrST- f bphAl (2072) bphA2A3A4 : bphA (2072) 1 $?frfo±mW& 

[0005] ■g.tz.&ftW&tbfe, ±m<D]mhA(2072)&^&AmniM&j&£nfc^M 

-is* (cis)-^tKn^t-/V#;^\ i/^— K^^y • v^— KT/^yy^XKF707 
$cft ^(D^mn^Y^^ jisfKYv*?*)-*- if (BphB) K£*)V'jb-*-;vmz£& 
^ttS^^Sr^V^fflUTV ^6 (#11200 3-5 786 7-51- (2003^3^ 4 0 ffiH) #JSD 0 * 
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SCZ^^JLfctjL/'CV "><5 (Shindo, K., Kagiyama, Y., Nakamura, R., Hara, A., Ikenaga, 
H., Furukawa, K.,2&.U"Misawa, N., "Enzymatic synthesis of novel antioxidant 
flavonoids by Escherichia coli cells expressing modified metabolic genes involved in 
biphenyl catabolism." J. Mol. Catalysis B:Enzymatic 23^, p. 9-16, 2003^-#B^) o 
[0006] — ^\ ^^^t°3!J^(picolinic acid) ^mt^ teWM^ tt'^V^Wt 

6-phenyl-pyridine-2-carboxylic acid) ^^.j^Z'f'^i^s-' — K^E""^~^>H ( Pseudomonas sp. 

)&±mfrhmmi-&^ticj&#iu ^<DW^^^i-^-y^^-^)^-2-^ 

Asano, Y., Yamamoto, Y., i&t^Yamada, H., "Catechol 2,3-dioxygenase-catalyzed 
synthesis of picolinic acids from catechols." Biosci. Biotech. Biochem. 58^, 
p.2054-2056, 1994^) 0 3o@©||^ W^>ftM&(DTi/^W<?#— ( 
Acinetobacter ) MMM&m V v^^— /VTi?^W>^^gH*^^i&U _h|B 

SrlB^UTV^ (Spain, J. C, Nishino, S. F., Witholt, B., Tan, L.-S.,^:t>'Duetz, W. 
A., "Production of 6-phenylacetylene picolinic acid from diphenylacetylene by a 
toluene-degrading Acinetobacter strain." Appl. Environ. Microbiol. 69^, 
p.4037-4042, 2003^) o t°n U y ^Stt El • II ^ ^ f*^D*Ift ^ p° n tbt 
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[0007] tot, m* <Dt°^})>mM%^M^%fcfr<Dmi%fr^^^t£ftfe(Dm^M 
[0008] *mwfc, mm^^m^^v^mm^m^m^m^'r^t^ g w^-rs 



[0009] »9J#^«JifSsSM^?^:-r5fc:*i^M^f^To^^:, ;£r#gt(tf^~ 
/W) V-Jr^yf-t—^. (BphAl A2A3A4 : BphA) , 5? (,\?7^;V) v^Fn 
— /^tKn^-t— if (BphB) N &t^#gl (tf^^/V) ^t^^^t-^ 
(BphC) £-=3— K-r5]l{5^-^2*AL^m^ii:^m^^II0cD^IS^, 7^^/^ 

[0010] fiP*>^lSKttJsAT©^MS^-g"f-So 

[oon] (DTfB5£(iK (n)xfS(in) : 
Wb2] 
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(ID 
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Wb3] 



H1-A1 




(I') (II') (III') 

[i^tfj, HI, Al, P2, Xr^CltttfrgB^gK^tSStJ-efcSo ] 

[0012] _hfBt°=y>'^<D3|Stat^'&^*5V>-C, ^#^v^rv^-^-^\ fffv'tKn 
[0013] (2) ##m$W^>-^— fSl^tKn^/WftFP^t- £\ RTf^m 

(n)Xtt(m) : 

H1 -A1^Q> P2 _ A1 ^^ 01-At-Q) 

(I) (II) (III) 

S^fLTl ^Tfe «fc V ^mWcl — 4<DT/^Ul/m^L<< teT/Hr— U^m~CfoV > P2 
'K (Il')Xtt(Iir): 
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COOH XOOH .COOH 





H1-A1 <^ ^> P2-A1 — </ \> C1-A1 



(I') (II') (III') 

HI, Al, P2, RXFCmwitZfem<Dt$5Wfo& 0 ] 

[ooi4] ±m^v^mm(Dm^m^m vr, ^mn^^y^-r—^, ^mn^vn 

[0015] ±fBt 0 3y^m©^3t^&^*5V>T, x^(I), (II)Xfi(III)-e*$tt5'fb^i:b 

[0016] JifEt^^|IcD$^^£^;&V>T N ^Wai^^vy*?-— •V.&tt'?*- 

(b)SB^iJ#^-2^$tL6T5/W^J^^V^Tl^ : L<(«M(DT5/m^^, 

[0017] (3)J^T»(a)X«(b)(D^^^K: 

(a) ISM#^-2^^$tL6T^/miB^J^tf^^^yW 

(b) sa^j#^-2^$^6r^/w^j^^v^i^b<«WcDr5/^^^^ 

(4) txTo (a) xtt (b) <D¥y<?w&=t— K-rsafs^- 
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[ooi8] ^rnrni^, mmit^^nmmmm^mi^^it^x^^v^ 



[0019] £IT> ^ISW^jNa^lftMi"5o 2004^3^ 4 B ^ffiH^/c 0 



[0020] ^K^at^y^^^Mit^fi, y^/um c^ifvst) 



[0021] ^flcftjfdf^ }f7^=-/V^Jr^ySf-r— if [BphAlA2A3A4 : BphA] N 

tKn^t- z^tKn^— if (BphBh ^#3*$^*- ^t*^ tf ( 
BphC)^ ffi&fEffl^T, ^m^/^(-<VirV^)^^^t 0 =iy^^S^$tL/c 



p 

PP » 



[0022] 1. t^^/V^?^^* 
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g|(lf73i=/v)-sifi-^tKn^— yi^rfcKn^— if (^rf if) 

[0023] ±fE3fl®<Z)^||(7)^^#^$ixTV^c^fg^TS^^-r(Suenaga,H., 

Goto.M.^U'Furukawa.K., "Emergence of multifunctional oxygenase activities by 
random priming recombination." J. Biol. Chem., 276^, p. 22500-22506, 2001^) 0 




[0024] r^ibcDgf JltJ^ ^^^IWH^^^-r^^, Xtt^^Sr=« -K-r Site 

o 

[0025] 2. ^x^^i^-KfSl^f 

^#Sl^^p-^y^-— if3tf5^-fi> bohAl . bohA2 . bphA3 . %T *bphA4 a>£> 

^ — if\ ^Itv^Knvo*-— /l/^fcKn^ — if\ llFffl^t-/^^^-^ 

Sr=i-K-r65t^ if\ ^ffff^tKn^^f 

tKn^— if\ ^^^Siv^— /V^df-^y^— if itfc^-) 
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[0026] ^mm^m^^Bphmm^—v-i-^b2hMB^-ti,xn, 

— K^ei^ • -✓'a— KT/K27 V sf^XKF 70 7 |fc(DbphAl t -fjV^jV^) TSLB400 

fe^ bphAl m-^DNA^^y v K£iL51lll»£JC#M4£J£tf /c 

bphAl itfe^-f bDhAl (2072)1. Xfe, K^^-^ P ^^KF715^^>fecDb 
DhAJjat^^-Sr^^SP^^^, ^a- K^t^'^a- KT/J^y^XKF707ft 

O bohAl Pf MS t^o/^^'J >y K bDhA 1 f bohAl (715-707) ] (IE 

S.t^ v^— K^f^-^a- KT/^y^r^KF707^a^(D bphA2 . 
bphA3 . bphA4 . bphB N RXfhBte&fctt^^^k&X*%& 0 f7x^;k^^r 
ifcD^C-^^^^b^n— K^5bphAljt{K^-<tbTtt, '/'a-K*^'^ 

rr— KT/V^yy^KF707S^(Z)^(Dj;^fe^^^^(D^'T?ffitl,fc^^lf7rn^/k 

v?^^^-— ^^f-^^hM^^^fe6b^b^(2072)X«[b^hAl(715- 

707) ] &m V ^O^W^bV > 0 

[0027] ffj#^B^t^^^/V^^^^— if cD^f-^^^h[BphAl (2072) ]C0T5! 
y^IS^IJf^DDBJ/Genbank^^#-^-AB085748^^$nTV^ o ^fc, KF707 
tfctfVM^^—s/b (BphA2) „ 7xl^K^ri/y (BphA3) N JkTf^x.UV^i/^Uff?? 
— if (BphA4) ©T^/^gB^lJtt, DDBJ / / Genbank5£®;#-5§-M83673^£tVC 
V >5 0 BphBCDT^/^IS^J»DDBj/Genbank^&#-§-M83673^^^fl-CV ^5 

o te*3s ^(DdK<DRjt^nmi-^^m^-^^-^y / fi'— j ^ (B P hO ©r^ / 

^IE^DDBj/Genbank^^#-^-M83673^^^tLTV^ 0 
[0028] ^^0J^V^T^V^6b^hAl(715-7O7)3l{5^-(IE^J#-^l)fi, K^e 
"i"X , t7°^^KF715tt (Hayase,N.,Taira,K. and Furukawa, K., Pseudomonas putida 
KF715 bphABCD operon encoding biphenyl and polychlorinated biphenyl 
degradation: Cloning, analysis, and expression in soil bacteria. J. Bacterid., 172, 
1160-1164, 1990)y5^mifL febDhAl EE^lJ^^-^-gK^^^. K^t^-i/a 
— RT/W;^^KF707 & 5fe(PbphAl BE^U^Miffi^o^^^U-yK bphAl 

fe^T?fc5 0 r (Db^hAi (71 5-707) itfKi^-fi, ^ir^/hPCR^fe (#^2000-1 2 
5871-§-^$S)-e->3.— K^^-^yKF715^^ bphAl lE^i]^m^tbtg^^ 
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[0029] E^iJ#^-2t^^M7^WJ^iJ > 3'^^f^\ ^^iS^^r^^ 

Wim&^2^&tiZT$ym&Mzi~2ffl<DT^yM&ttl)\\L-xh£<, fcsv^ 

[0031] &*5 % AiU^WyJr^^—^Xy-7^^yU^ tits^yyii©!! 
3f ^Kp^-zH^^^/H^^M^, ££>fcfc\ 



[0032] 



!l*.rf tr^s./K pcb^) (D^s^^v^T^^M-efc^o 

r^kDhAl (715-707) ^fH^^^—K^^-^^KT7^y^^KF707 
* * <S> bphA2A3A4 jfrf5^-<S> _h$E Vfc%^%k*Jtti/'f1r~ if [bn 



hAl (71 5-707) A2A3A4]^t^ N K^^-i 



KT/Kft!J^XKF70 



T^S^O^^tKn^-z^tKn^^— -^^^(b^hB)^.^^-^ 
— ^v^^^— if ( bphC) £!J.^}AAy/ciJM109 (pBPA715-707BC) Ji, M 

MIT g l#i*l 4^!g6) ^y^^h^cD^^T-C2004^2^ 2 0#(^fE 
)7?a^^fe$tL^ $fe#^-FERM BP-10210^ft-^-£tLTl^o 
[0033] K-TSit^^UT^, 
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"C*>o"Cb«tV\ &*3 % Jfr|£ j y-i;:3£^£r^Ai~$fcJ^ Kunkel}£, Gapped duplex 

m^^^^mm^Mm\^fzM^MXm^yY (MxJ^Mutan-K (TAKARAliS 
) ^Mutan-G (TAKARAttM) ) V ^T^^^AtfSfTfrtLSo ^fc, ^9 

-?Sr#|g-rS^^T*#So :n 7 v -2|APCR^'0 ; DNAv / -tS'71)y^#)'£(4, 
#iP*T?4£fcP<£>#-i£T?fc!9, ^Jt^7- ^APCR^OV^TfiChen K, and Arnold 
FH. 1993, Proc. Natl. Acad. Sci. U. S. A., 90: 5618-5622£f N ^fcDNAv^y^ 
-^^ir^hPCR^cD^-^-ii^X^^^fe^, KurtzmanA.L.,Govindarajan, 
S., Vahle, K., Jones, J. T., Heinrichs, V., Patten P. A., Advances in directed protein 

evolution by recursive genetic recombination: applications to therapeutic proteins. 

Curr. Opinion Biotechnol.,12, 361-370, 2001, 2&U\ Okuta, A., Ohnishi, A. and 
Harayama, S., PCR isolation of catechol 2,3-dioxygenase gene fragments from 
environmental samples and their assembly into functional genes. Gene, 212, 



221-228, 1998^#B££iLfcl\ 

[0034] ±M(Dif-y ^jvftM ^mm^—v-r^>m^m^Mn, ^vadnax 
[oo35] b/^ue^ mm<DmmB^^-i-^>^w^— v-t&m.fe^-t^WM^ 

[0036] 3. tf^^^/V^^^I^^^-rS^^^I 

jzmzmmm&mtk'rzm^mkisX^ m^^> tr 7x^^pcb (/Kyi&ft^ 

T^oi— M&f*, K^T-^ ( Pseudomonas ) 

JS, Jv^etT; ( Comamonas ) ^Vl^/tvI^'JT ( Burkholderia ) 

.x ( Sphingomonas) PK^y7J7^ ( Rhodococcus ) ^/KXh^T ( Ralstonia ) Jj^fcl 
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•f-X ♦ jy^L. — VT/VjO 'jy^ ( Pseudomonas pseudoalcalieenes ) N 

■7^tJ^ ( Comamonas testosteroni ) „ /V^/VfVT ( Burkholderia ) JS,LB400 N 7<7^ 

• T xz-zry-^ jy^.7> , y^ ( Sphingomonas aromaticivorans ) , nK3^7-^n 
^i/l^JX ( Rodococcus globerulus) „ "7;V7\-=. T '^^r^ry^T-Ctl ( Ralstonia oxalatica ) 

[0037] ^liv^v^-if, fff^tKP^- /I^fcKny^— if\ Xte^Mt 

a— KT/^y^^^KF707tt(Furukawa,K.^t]«Miyazaki,T., "Cloning of gene 
cluster encoding biphenyl and chlorobiphenyl degradation in Pseudomonas 
pseudoalcalieenes ." J. Bacterid., 166#, p.392-398, 1986^) RUy^V^/V^JT 
MLB400$k ( Pseudomonas M ^iZrl ^) (Erickson,B.D., Mondello, F.J. .Nucleotide 
sequencing and transcriptional mapping of the genes encoding biphenyl dioxgenase, 
a multicomponent polychlorinated-biphenyl-degrading enzyme in Pseudomonas 
strain LB400. J. Bacterid., 174, 2903-2912, 1992) (DM $f&?ft>tl, \?-7*-~>Vft 

^(D^mn^^^-r— ^ ifrfS^- ( bphA!A2A3A4 ) £i|&^&/^^:Jj§® 
JM109(pKF6622)«, #M2003-269-^<k#^M;^£tl/tV ^ 0 Va-K 

Kr/^^ i ;^^KF707fe^^/^7^/^v Jl JTBLB400^a^(Dbph 
Al ^(D^-eDNA->^^';^>^fV ^^^K£-frfc bt>hAl (2072) ift-fe^-^f P 
^gt-^^v-y-^— if»fe^[ b^Ml (2O72) A2A3A4 ]^m^^A/fc^0J 
M109(pKF2072) fi, #^2003-269-^#^^£tLTV^ o 

[0038] ^mrnxn, m«\ ify^/^Mmmm^—v-r^m^ixmm 

L-fc&m^^rM (Mt^^/V) ^dr^y-^— if itfs^- r bohAl (2072) A2A3 
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A4 1 (bphA(2072) bVfc-i~Z>Z.k&&%>) X^f bphAl (715-707) A2A3A4 1 (bph 
A(715-707)»i~3r^fe5K (jf7*.^V) i^tKn^- JVfM 

[oo39] ^mB^^mm^mA-mmir^mnm^xm^t^-v^^ 

SambrookJ., Russell, D. W., "Molecular cloning -A laboratory manual", Third 
edition, Cold Spring Harbor Laboratory Press, 2001) 0 MxJ3!> JkMW^J 7 ^ — <tb- 
TpBluescript II SK^rMV^T, bohA (2072) BCitfe^-^ bohA (71 5-707) BC 

[oo4o] m^tvx<Dw^m*MBmzm7£&ti&h<Dx»nfd:v\ tat*.^ nmw 

tfeS^h^Mt^ ( Streptomvces ) MMMX\ JifEjUS^Sr^A -3§3i&i3r 

Chun,H.K., Ohnishi,Y., Shindo,K., Misawa,N., Furukawa, K., Horinouchi, S., 
Biotransformation of flavone and flavanone by Streptomvce lividans cells carrying 
shuffled biphenyl dioxygenase genes. J. Mol. Catalysis B: Enzymatic, 21, 113-121, 
2003) o 

[0041] 4. \fy ^/v^-m^mm^mmRx^mm 

[0042] \?y ^~/v&ffi%mmi&. ^n^—vi-&mfc^&i^T%mu^&mm 

[0043] *B0^<D^£#j£^«i#ift£LTte, ft^t^SftU#5^M, 
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[0044] mmut^x^ ysu=2<-x > 7y?v-^ x?*—^ f>7Vf©K*^i, m 

bL-Xn, T>-*?=-T s Wct^s^—V^ W.WtT>*e—V^ WtWtT^*:—?^ V> 

^m-^y^A, y^mfg-^y^ y^g?-^^^ ^m^^^, 

[0045] itlftt, ilSf, fMMi§«X«®^«#J##^^(7)^W^T, 20-40°Cl?fT 

[0046] mmk, ^m<D^y^7^m^mm<D^^m^w\Hxmm^^M^ 
mm-r^t^x^ 0 

[0048] 5. ¥=*yy&M' > *<D9£&Ix.f& 
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v?^-— /l^v^v^ — if^rffll^C, TIE^(I), (Il)Xtt(III) : 

Wb7] 

H1 _ A1 p2 _ A1 C1 _ A1 

(I) (ID (ill) 

fb^tKn^— if^SOS^T, t^y^^d'), (Il')Xte(III') : 

Wb8] 



H1-A1 




(D (II') (III 1 ) 



K^, HI, Al, P2, &t*CmiltrfE^ifc<E>£$8t)'T?fc<5o ] 

[0049] rr-C, Tt^iJ^IIj^tt, — ^W^6-*^-t°yv ? ^-2-^7/^V^tbT^ 
-t-rtC0-e#5^^#>^rV^V\ t°=i!J^(picolinic acid; fc°U >V-2-#/V/FV^) <£>6 
fit-, Eg?, XtiT/^l^^S^^^T/V^^^S^UT^^^^S, 7^ 

[0050] ^mmmx^^mmm^Mit^ mmm^, mmm^-, Rvmnrnttbtez 
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1-4 

1-4 

iiw^ft^^Lttt, ^/yy, yyv—fr, scypsy. -<^y^-7V— /k ^. 

yy^^V—fr^ ifUvV, 3-y^^fc°<J vV, tfiMvV, t°n— /k t°^y— /k 3- 
^f/n;7/^, -f^y— /k jyfy"/*- fr, ^yy'yyy, =f-^-7^y, yv^i/ 

[0051] 7;I/dfkySii-(CH )n-(^4^ n[il^4©l|)l:fcot, 0*J;ifi£, ^U^S 

2 

[0052] Tfrfr—uygkLrcn* 0>Rf£> \?^uy^ i-7r^wyl 

[0053] _hfB^*ift^S, T/^WVK&^T/Hr-l^SW:, ^r<£>SF*3fc-(C = 0)-, - 

-/H, 7^yh\s~frmm<D^Mfc&to&m?bti% 0 

[0055] ^mSJ^OSW^UT^V^tb^, ^^^/vsc^^ifv^^^-rt^-rsw 

7>\ 77*>, e-tKP^^^Vy, 6-tKndrV7^^/^V, T-tKn^rv^-^V 

>\ 2-y^=-fr^yvy, 2-y^=.fr^<yy^^y—fr)fctf-vte<, ^mMk^y-H 

ym&^yym%irvxw^L-fch(D m ■. 2-^y^fr^v-yy) ^ mitmtAm 

&b7^~frM&\?7^~frf&'&vft&<D (M : \fy^=-fr, 3-y ^fr-i-yy^ /y 
, i-7^=-fr-r??yy, 2-7^fr^7?uy)^35^mk7^=-fr%;(D?$KjMm 
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[oo56] ^mm^m^xm-m^m^hti^mn^^itvxn, mxj*> MTo&wk 

[0057] TZiD&fc&VlKDMcfcffl: 




(f lava none) 




(f I avone) 




6-t Kd^-v^^/>V : 
(6-hydroxyf lavanone) 




S- 1 Kp^v7^tK> 
(6-hydroxyf E avone) 




7-t Kn^77'V> 
(7-hydroxyf lavanone) 





(2-phenylqu inol Ine) 



2- 7 X - J UK > y^r It V — J U 

(2-phenylbenzoxazolc) 



[0058] ^ (II) (7)^^(7)^^ 



tffcio] 




bi phenyl 




( trans-) cha I cone 



[0059] ^ (III) <D4k&yo<DMcfcW : 



tffcii] 




3-7 1 f >£V 

(3-pheny I -1 - i ndanone) 




C2-pheny I naphtha I ene) 
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[0060] _tfB5£ (I) - (III) (Dit^mt, mmWyJr^sflr—V , ffS^Fn^t-/V 
tLb©S#*^0^»^^^^Jt*-r5r^^J;i9, TIB^(I' ) - (III' ) ^£ 

Mfcl2] 



H1-A1 




COOH 



P2-A1 




COOH 



.COOH 



C1-A1 



(H 



(II') 



(III') 



[0061] IP^, ^M^i^U^ Mfcfcf, <Z>A#«LT^Lfc7^>ffc^a>£> 



Wbi3] 




CD OH 




COOH 




N^-COOH 




COOH 




COOH 




6 



COOH 




Wbi4] 
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8 



0 




COOH 



COOH 



[0062] _h!B^&jg$j9Kl:}3l>-Cte, n*<D&KUh9>X-)%A'=tl')& : fi\^X^ftT/\' 



[0063] ^(III)cD^f*M^LT^Lfc2McD^^^»WTcD^jS-r6t 0 ='y^l 

Wbis] 




10 



COOH 




11 



COOH 



[0064] _tfB5£ (I) — (III) -C^ftSte-a^i:, ^#^v ? ^^y^— if, 



[0065] M£te\ _Lfa^(i)-aii)-c^$^^b^^^^, ^m^tt^-f— if, 

[0066] IR^Sr^-rS^ifi^UTtta^, Sm^^ s ^Wb#S^f*fi , T?fctb«a<, n 



fr^tLtft, LB^fifi, M9fi, KBigift, YMtM, KYigife, FlOltM, 



WO 2005/085435 



21 



PCT/JP2005/002755 



[0067] fcmmtvxnwmmikis^^zmmik&^&nm ^-rnxhmm 

5r<^-e££ 0 ~tib<Dm^ &m\z.jfozx, tem&M, &jr*^ ^v^t^mm 

^M£tL%<Dx\ inr^^^A, mtr^=-v^ mwr^~? j±m<Dm 
mmmu*^mt£^mm±vxm^(D&m%.\jt\ 

[0068] it^tt, ?&S20— 40°C, £9#f3=L<i3:25~35'CT?fet> N pHfi5 — 9ri5£f* 

LV\ Ml N «tt^0ijfc:l^tb-OkJ:l\ 

[0069] mmmrm, mmm^m^mm^nr^ ±m&mxu -tmm&mm^/^ 
<D^m¥&m$:m^xmm~tz> 0 m^x\ m^m^y^^h^yy^—mx^m 

[0070] ut, mmm^x^^mm^^^xM.m^^mm-r^ to^, ^mmn^tiK 
£vmj£$thZ)h<Dxnt&\ 

[0071] [HMMl]^^#«^^>y^-if [b 2 hA(2072)]/ / ^ : #^tKn^- 
072<Z)f^M 

J^yh£-=i— R-t-afcMg^ ( bphAl ) (GenBank^#i#^-M86348) fci^a.— 

KT/Kfty^^KF707|^S*cD^#at vo^v^^— if 

(D^fyg^>yf^3v- K-f-^DNA (bohAl) (GenBankM!c#^§-M83673) * 

yirV — Y'fy4^~\ : 5'-CC GAATTC AAGGAGACGTTGAATCAT GAGCTC 
AGC-3' (BE^J##3) 
U/^— : 5 ' -TT G AATTC TTC C GGTTGAC AGATCT -3 ' (gfi^lJ#^§-4) 
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[0072] &*5, ~7*y~ yzfy^-v— i\z.\2&asj&M$Li>K ^)^—^fy^— lfcteBgingMi 

tbTV^) 0 PCR©^#fi, 94°C15j\ 52°C1. 5;9\ 72°C15>"^\ 251M^Mto/c 

o 

[0073] mif^iLfe±fB(D2ftficD bphAl ^-tj:^^ij:. 0. 15^-~;yh(DDnaseI<SM3t 

, iS-^-L, ir/V^^^^PCR, bDhAl ^v- »fln£.fcPCRfr?fV \ tV^A 
^r^7l$SE^IJ^SA^#^o/c(DNA^7!;^)fi^(Ddr^7bphAl^tfPCR 
jg#j3r#7c 0 ft*?, PCRte±fE^C^{4^fTV\ ft* ©^9hDhAlSr^tpPCR 

[0074] v^— K^T^-v^r— KT/^^7 i ;^'^KF707^(Z) bDhAlA2A3A4-bDhB-bD 
hCi#fe^-g¥ (GenBank%^^-^-M83673) ^p^^,7°^$KpTHF18 (Hirose. 
J., Suyama, A., Hayashida, S., Furukawa, K., Gene, 138, 27-33, 1994) ^r^"f"5^: 

^LT N 2-tKn^r^-6-^-^ry-6-7^^/V^^^-2, 4-v^:/fi£( 
2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid) & / £.$l~$~%)b^f7LhfrLX^ "><5 0 — 

7°7^5KpJHF18^*5V^T, l^B^^MluI^fi^SbphAlrti^feSO-I?, MluI~^M 
fbU f«*^^JSLfc^, Sit^y-^a^fT?^-^ bphAl©^^ 

^bfc^^^KpJHFlSAMluI^^i^bTtCT.Kumamaru.H.Suenaga.M.Mitsuoka, 
T. Watanabe, K. Furukawa, Nature Biotechnology, 16, 663-666, 1998) 0 
[0075] #Cfcl, PTHF1 8 AMluF^SacI/BglirC— M k KXV . A bphAl jfr£ 

tt<D%.&<S&l. 39kb»fJf£B&il\ iX^K, ±M~ZVF%UtM* <D3r*9fr&^ 
tf PCR» (Sacl/BelII"X?-mMfr.&(D^<D) ^IfAL, <D$C$Z^&mtt 
^Sf~y— ifitfed 1 (Bfr^ bphAl : : bohA2A3A4 »fe^-) ^ bDhBbphC flHsH^fr 

-g-tf— 3S<Z)7°7^K(pSHF1000->y— X) £r#fc 0 

[0076] ^tbb— ^(D^^y^-r^mMXLl-BluelZ^y^/UMH^X, *Z 
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[0077] t^^/VSMt-iDHfe^M-rSrt^-^^fc^ \t^<^fr<D^m'&3&Wfc&:fc<D5 

-f&^m^l(Dftm?)jWs ^tl^th(Dm i (KF707RX^LB400) (D bohAl jftfe^- 
£r*fo%cDj;r)> 2fg : 3fi<^^ofcf£^~i?^<> -?:n^:^ll(KF707^I^LB400) 

^-todCljt{K^-^#o% CO (D 1 / 3fiTfco fc 0 
[0078] _bfBCD^°^$KDSHF1072fe^(D^^U^Lfc bDhAl i#fe^-^. bohAl (20 

72) ite^ir^^So f^b^bAl3l{5^-<Z)i^SSB^J«GenBankSfe#^-AB0857 

48^^tetLTV>6 0 bt.hA2A3A4 cDJfe^iP.^J?±Hifi^FfeJ:o^. GenBank 

^te##M83673^^tbTV ^ c 
[0079] gEfc, rcDpSHF1072^^b£hBC(D<^?r^V>T, bohAl (2072) bphA2A 

3A43lfH^-^l§?a-t"57 o ^^KpKF2072^M^^tbT*3i9, rcD^^K^A 

CDMisawa, N., Shindo, K., Takahashi, H., Suenaga, H., Iguchi, K., Okazaki, H., 
Harayama, S.^t/Furukawa, K., " Hydro xylation of various molecules including 
heterocyclic aromatics using recombinant Escherichia coli cells expressing modified 
biphenyl dioxygenase genes." Tetrahedron , 58#, p. 9605-9612, 2002^2&.U ; #[lfi2 
003-269-^-^#B^|fl^^tLTV ^ 0 
[0080] (pKF2072) «\ U* <D7 ^~^mm^te&^M&^M4k&ys&&teV 

, 7oi^/wSX«mmi^^#^rt»p«^6fig^f5Lg#mW^2o(D7KM 
t2oc07K^^^A$^/c^ : #^-^ (cisJ-v'tKn^- /W*£^f*ili^-^ 

i^S^^^S^^lMt^^/Ki^) L/t^W^b^^SKirF, »irb 

T, if lftii^#;KK-v^-2, S—^tKn^^irVv 5 ^-— /^(heteroaromatic group- 
cis-2.3-dihvdrobenezenediol) ^^ffa^^^ifc^^^Eifc (stereo-specific reaction) 
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[0081] ft*3, _h|E©gfe3E^#g|^^^^-— ifit^^Sr|a^^Ayff^:Ii®JM109(p 
KF2072) fi % 2003-26 Q-^-^^^feV^-C^r^^f^^^^M^/fe^lfl^^tL 

[0082] [IIM2] ^if f S^^r^t'- if [hEhA (715-707) l/^WatvWn^- 
-^ftKn^t^- if/^#it^-/^^v^^-— ifl^B^STO^^KpBP 
A715-707BC(Df^ 
^1* <Dtf^:n— 0O^FOtf7ai^V^^^ if (Bph 

Ai)©flKfelrJfctfcU ^^<Z)^^2Mm^f*#'f4<Z)^v^yStSfl^J^^-t-Sr 

t?rBV^cb/c 0 -r^tp^^— K^i^-v^— KT/^y^^KF707^ft >feBph 

Aior^y^ia^j9o-ioi#g^^i-5 

Asp-Lys-Ser-Ile-Lys-Val-Phe-Leu-Asn-Gln-Cys-Arg ~e^£tv5T5:/lt@E^J ({£ 
#fft«l ; E^lJ#^-5) £ % T^7^@B^lj386-397# g MfB HSi^ 
Asp-Asp-Gly-Glu-Asn-Trp-Val-Glu-Ile-Gln-Lys-Gly UM^tl^T^7^M^\ 
#Mi^2 ; IE^iJ#-^-6) -efe5 0 
[0083] Ify^^/^MM, K^E-^^ • ( Pseudomonas eraminis ) KF 7 0 1 . 

Va.- K^E-^^JS ( Pseudomonas ) KF702$c N 3-^^^^ • y^^n - ( Comamonas 
testosteroni ) KF704^^ 7.~7 ^S'^^-f'T* • ^ J^i 7^?^ ( Sphingomonas vanoikuvae ) 
KF706^ 7/V7V^-T-/^77 ( Ralstonia paucula) KF709ft s n-v^^^-T^h 
^•^P^ ( Comamonas testosteroni ) KF7 12^^ j.— K- r Er'i~^- * Z^^T* (Psudomonas 
putida ) KF7 1 5$z , *S*. — K^E-^ • ~7°=5-& ( Psudomonas putida ) KF 7 5 1 W&^frl^ 
fL2ml(DLBi:t±fe-e37 0 C N — B&i#^U ^fe^^V ^^Tb^V^DNA^Jfiffib 
fc 0 rtl^cD^V^DNA^HM^U _b|E2^Bff^>BphAli^#^H^OT^/@ISa^lJSr 

ts^-r^o. 9kb(Djt{H^-(j^TAi^i?^h^^#-r)^itMbfc 0 fflv^^^r 
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7^-17— K^^^— 2: 
5'-GACAAGAGCATCAAGGTGTTCCT(A,C,G,T)AACCAGTG(C,T) 
CG(A.C.G.T)CA-3' (SS^!l##7) 

U/^— 7^ s 7^'— 2: 
5'-CCCCTTCTGGATCTCCACCCAGTT(C,T)TC(A,C,G,T)CC(A,G)TCGTC-3' ( 
|B?iJ##8) 

ia^ij^^^rt^^b/c±&K^»gE^j«^§^-efe5o pcR^^frtt, 94°ci 

5h 61°C1^\ 72°C1#T\ ofc 0 
[0084] fft^y^.— K^fr-?-^- Va— KT/^yy^KF707fe ^ bphAl iftfe^-^^ \C 

^—3, T^/^IB?IJ393# g -C^^AfH^- (^T3' arm^-T) icov 

Vs<— ^7°7^— 3:5'- AACACCTTGATGCTCTTGTC -3' (gE#J#-^-9) 

hV9^~3:5'- GGGTGGAGATCCAGAAGGGG -3' (BB#J##10) 
PCRO^f^tt, 94°C1^\ 61°C1^\ 72 < £l#"C\ 301M^Mt ofc 0 
[0085] ^^Al^-fe^Mft^-o^T, 5'-arm&tF3'-arm£r2S-£*U — K 

Zfy^— lRXfV^— ^7°74^r— l^PfcTPCRKiSStfrofc, PCRO&#f3, 9 
4°C1^ 61°C15X 72°C2#T\ 25lM^MTofc 0 rcDPCR^^^T^Jl^ 
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7^(D bphAlA2A3A4-bphB-bDhC i»^^-g¥»^rr?^?l^°^$KpTHF18(Dbt3 

phAl : : bphA2A3A4 iwfe^-) ^bphBbphCjtfe^-^-a <D^^°^^K(p 
BPA7xx-707BCv^!J— X) £r#fc 0 
[0086] Z.tltM* »^°7^K^-f5^:Ii0JMlO9(D=in^— ^tfy^^/H^^T 

hAljtfS^-^iE^^fgUTV^Co ^rtbMS* (D^^K^U ? pSHF1072^ 
W-f"S^:II0JMlO9^1OO ^ g/mlcDTytVy^O. 2mM(7My:7 0 utVV-l-5 : - 
/3 -D-# 'v^bt^y^K (IPTG) iSr^tpLB^ift"T?— 0fe37 o CTif#b, 

6-tKn^riyy^^yy, T-tKn^f^^V^ l-^Yxi^yyyif^ \ 
RU5, 7-tRn^y^VcD6ffi|S^o^T^flELfc 0 ^O,^^:, KF715^i:KF 
707^(D^N^yy^Kb^b^[^Tb^b^(715-707)]^-t-§y°y^KpBPA71 
5-707BC£r$:^r •iS^flkftAK l-7^^/Vf7^l/y, 2-7x^/l/t7^^y, 6- 

HFlO72£W^5;«0£^j|v^ffe£MU 

/ o 

[0087] b_phAl(715-707)3t'(5^-Oia^!j^?Wb^i^r6, v^— K^-^-^— KT/V 
^y^^KF707^a^ bphAl »fe^^lRl^-^(D458^ll(DT$y^ER?IJ^--K 
LTV^^ 182, 324, 325#g(D3ocDT5/^lS;^&oTjo^ KF707$c£ 
>f$(D^cD'WT;^y^VSKl82h iry^(324) N ^U^(325)^S*t?fe5^-5>^ 
, BpbAl (715-707) Tli, ^Vl^^ (182) , vU/;^^ (324) , /fyn^ (3 
25)M^otV>fc 0 BphAl (71 5-707) COT^/^ia^lJfi, BphAl (2072 

)(DT5yg^IBM^7/r0f^oTV^c o ^^b\ BphAl (715-707) (DT^/^gB^Jte 
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[0088] ^°^^KpBPA715-7O7BC^J.^jAAy/^^:I§0JMlO9 (pBPA715-707BC) 
Wl^^H^^fe^t^ §:f£#^§-FERM BP-10210^#^-$tLTV^ o 

[0089] [|&(igM3]*fl§^SC&&#ofm 

[0090] mmmi, 2xi¥M:V±^m^m^^-^-r—^, ^fiv?tKnv?t- 

M109, "f-ftifri^ ^II®(pSHF1072)X«^Iffi(pBPA715-707BC)^ N 15 
0Mg/mlcDT^t o ^y^(Ap)^'Bti > LBi§±-t!l(l%MJ^ o h^ 0. 5%^-©^^, 1 

%Naci) xnwcmm^xmm^mu mmmm^m3o%{cf^x^^v^— 

MzmmU -70 80°Cco^>— ^Vy— ^At^Sr^^j;^, ^y-fcn— ^ 

#tfc£Lfc 0 ^.fc, ^^hn— pUCl 18^(7) ApWtt^^^— O^^-TS 
A JJ§0 (JM 1 0 9#0 & l^^fcit^ L-C^ytn-7Vft#^^Lfc 0 
[0091] [HJSM4] AfliW^lf fs$l#:oSfC^*#i$ 

AJj§0 (pSHF1072) X«:Afl§0 (pBPA715-707BC) b<D&ftj%mfo£Z>m; 
(D^y^m^<D&&Rjfc&fflM}1-?>\c3b1z-?X, £T> ^»J3-?f^SWc_tfBcD 
^y-fen— /H*#1*lml?:, 150 m g/ml(DT^t: 0 ^y> (Ap) 3ra"tfLBi§iffi 100ml 
(500mlcT)H^^^^fi^P^^^^M)^^PU 120rpm, 30°C-C6— 
7^Wi§^L/h(fff^^) 0 rtLTOD600nm^^i[^5o #CKl> ffji@#m7— 8ml 
150 m g/mKDAp, ft^-MSlmMCO^y^ntVW-1-^^-- j3 -D-tf^tt^ 
A>K(lPTGh 0. 4%(w/v)cD^Vv=i— 10mg<^®£^£pM9*§ifi( 
SambrookJ., Russell, D.W., "Molecular cloning- a laboratory manual", Third edition, 
Cold Spring harbor Laboratory press, 2001) 100ml (500ml(D^:^7^^^fcf^ 
R77^OT) ^AtL, 120rpnu 30°C-C2 0 TO#bfc 0 ^\ S 
tettPboT, '>i©DMSO (lOOmg/mlCDig) K¥&frVfc.h<D$:tgMfcM?Lfc 
0 @ ^lOOmlcD^y— /V^P^305>^«#-r6r^^J;i9^L^t o 3y^ 
&IS£^£pJJilCjEfcfr<HiffiU 8, 000rpm-e5^^^.^^StLT_b?f Sr*i6fc 0 
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[0092] [HJfeM5]3Eife0&l<DHPLC##f 

MMtmiC^X^mM (pSHF1072) XlttBM (pBPA715-707BC) kM* 
<DmKt<D^K&)'&btl1Z&J&mZHPLC\Z£*)ftffiLft e ##f^fflVvfcHPL 
C^^teWT^iil^foSo tfcWtephotodiode array detector (HITACHI L71 
00)£rfflV\ 200— 500nmcD®:l(3l^ttib/c 0 

[0093] ^7^A : Waters Xterra MSC (5 ^ m) , 4. 6 X 100mm 

18 

1. OmL/ min. 

^1:A=5%CH CN, 20mMU^It, B = 95%CH CN, 20mMU> / It 

3 3 

0^35>:A 100% 

3^205>:A 100%^B 100% (V=- T^V'^Y) 
20^305>:B 100% 

[0094] [^»ij6]^m^(DffiK-^]^ 

7^J]§0 (pSHF1072) XlttMiW (pBPA715-707BC) k, ^MM5X^^^ 

mMu mwc2mmmw^f' a ^ti&7, ooorpm^-cio^^iiiu ±.m%m 

lRbfc 0 _hftttMi±T, 7f^500ml^-T:«f U pH5CIIt, 500ml^g^^/^ 

^y^7^V^[0. 25nm Silica Gel 60 (Merck) l^ffll^c^Jl^P^M^ 7 ^— (TL 
C)toO>tf\ MWkM^<DWM%fT^tL%k, */Wf As-fr*? J* [20 X 250mm, Silica G 
el 60 (Merck) l^MV^c^^A^n-v-h^^—^fitU ^p B o^r#/c 0 
[0095] &:Jb\ ^^®{z:*3^STLC<Z)JgM^^«WT^a<9T?feS: 
77/VX:CH CI -MeOH-H 0(3:1:0. 1); 

2 2 2 

77*V:CH CI -MeOH(3:l) ; 

2 2 

6- tKn^^^y>^:CH CI -MeOH-H 0(6:1:0. 1); 

2 2 2 

e-tKn^^^tf^CH ci -MeOH-H 0(6:1:0. 1) ; 

2 2 2 

7- tKn^>77/VX:CH CI -MeOH-H 0(3:1:0. 1); 

2 2 2 

2-^ji^/^y!J^:CH CI -MeOH-H 0(3:1:0. l) ; 
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2- 7x^;^yy^f y^/V: CH CI -MeOH-H 0(5:1:0. 1) ; 

2 2 2 

t7^;V:CH CI -MeOH-H 0(4:1:0. 1); 

2 2 2 

(h7^-)^/^y:CH CI -MeOH-H 0(3:1:0. 1) ; 

2 2 2 

3- 7x^-l-^y^/y:CH CI -MeOH(4:l); 

2 2 

2-7x^t7^l/y:CH CI -MeOH(4:l). 

2 2 

[0096] #SIt^(t5^*W7^^n-7^77^-OMPi^l^TOl!) 
:79' Vl' : CH CI — MeOH (4:1); 

2 2 

7^V:CH CI -MeOH-H 0(4:1:0. 1); 

2 2 2 

6-fcKndr^^^y>-:CH CI -MeOH-H 0(3:1:0. 1); 

2 2 2 

B-tKn^v'^tf^CH CI -MeOH-H 0(6:1:0. 1) ; 

2 2 2 

T-tKn^^^V^CH CI -MeOH-H 0(3:1:0. 1); 

2 2 2 

2-^— /^yy^:CH CI -MeOH-H 0(4:1:0. 1) ; 

2 2 2 

2- 7^^;^yy^f y-/V: CH CI -MeOH-H 0(5:1:0. 05) ; 

2 2 2 

tf : CH CI -MeOH-H 0(6:1:0. 1 ) ; 

2 2 2 

(b"7>^-)^/^>:CH CI -MeOH-H 0(3:1:0. 1); 

2 2 2 

3- 7x^;Wl-^fyy /y : CH CI -MeOH-H 0(4:1:0. 1); 

2 2 2 

2-7x^;l/t77Wy:CH CI -MeOH-H 0(5:1:0. 1). 

2 2 2 

[0097] (D^^V^D^^jgi^cDl^ 

7^Jj§0(pSHFlO72), RXI, 7vli0 (pBPA715-707BC)(^j;i9^7^7>^(flav 
anone)7)^^^^(i§-100ml)^TV\ HPLCf^tJ^Sl^^JttfcSr^ToTbt^^, 

mm&ttffin<D&mm'zm^ , v&<>iZc tcii0(pshfio72)^j;«979 

^/^<Z>^i^H^(lL) £rffV\ ^:C0ffl.ftt±i^(469mg)^TLC^ftb/c^r6, Rf 
fBO. 45(D»^^b-CV^rt^S^|j^b/ % c 0 «#I^y7J^V^n^h^^ 
— i-J^MiU fl^fel(23. 8mg)(D^o B p^#fc 0 ^^#Il«FAB-MS(positiv 
e, matrix glycerol) 7?m/z270(;i^H'^>'t o — >? (M + H) + &WLM£tlfc 0 £b 

£frlfc 0 riZ)^, -fe^jrXDft^rQtC H NO (calcd for 270. 0767) T?fct) 

15 11 4 
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, totftfM©^s;ttc h no t^m^nti 0 

15 11 4 

[0098] ffc-^H&lSrCH CI ^T^xtv'^n^K, TEAtSJ^itS^^i//!^;* 

2 2 

fc a IkWk&SfoltfH-H DQF, HMQC, HMBC^S'JS, ^#fL/cf£H:> 
r*U3\J = 7. 7Hz, J =7. 6Hz-Cfe6^^, t^^H^rlft^UTV^^ 

2', 3' 3', 4' 

S&*l5^^<£> 13 C NMR^*;^7h(5 124.3, 5 124.3, 6 138.7, 6 

c c c c 

148.8, 8 157. 3)frbhWM£frlfc 0 ^fct°Vi?^M%M}$^&C-2'-C-3'-C 

c 

^^•rSrttfS^^U {b^l^6-(4-^y-^n^>--2-^)-t 0 
IJ v^— 2— #/l^/t? (6-(4-oxo-chroman-2-yl)-pyridine-2-carboxylic acid) c^IrIaEi 

[0099] Mbl6] 




[0100] [^1] 
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(6-(4-oxo-chromaj-i-2-y1)-pyriiJinu-2-carboxy]ic acid) <D 
400MHz 1 H NMRRtf :a C NMRf-^(DMSQ dfp) 





0 H 


— - *~ -~ — / 

a c 


9 


3,54 \,00 Z.O, 11. tv 


TO O 


*\ 




A 1 








4 




lyi.i 


la 




120.9 


n 




126.4 


6 


7 11 fHH 7 ft 7 ^ 




7 


7 Ri [7l HH 1 ^ 7 0 8 

f.Ul ^r.lULl 1 .J j, / ,U, O.Cv 




8 


7 15 (d 8 5) 


1 1 R 1 


8a 




160.5 


1' 




157.3 


2 s 


8.02 (d 7.7)* 


124.3 


3' 


8.07 (dd 7.6, 7.7) 


133.7 


4' 


7.87 (d 7.6)* 


124.3 


5' 




148.8 


6' 




166.1 



* Interchangeable 



[0101] i^-J^iy^W^M^n^ 

±BW (pSHF1072) (flavone) (D^^MfSkilU) ofcfett ffi 

^(526mg)^TLC^#tL-^r^, RfffiO. 3(DmW&J&VX\^Z.bdmWVfc 
o *Iilfi/^Wnv^77^-{Cj;i9|flL, fl^4&2(28. Omg)©i B B p^ 
#fc D ^b^^2«FAB-MS-Cm/z268^5>^-^> / t 0 — ^(M + H) ^iLill^frK 
'H, 13 C NMRf^- ffatb^tL&ibltXZ&ft^&nC H NO £&:5££*L;fc 0 

15 9 4 

[0102] ^C(^b'^#l2cD 1 H- 1 H DQF COSY, HMQC, HMBC^y|lJ^b/t 0 {t^<^2(D 

ltmfabhM%r~rz>^kK£V)^ ^b^2^6-(4-^y-4H-^n^^-2-^)-t° 

U vV— 2— #/l^/FVj!g? (6-(4-oxo-4H-chromen-2-yl)-pyridine-2-carboxylic acid) <h 
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'ft □ %Q2 (6-(4-oxo-4H-chromen-2-yl)-pyridirie-2-carboxylic acid) CO 
400MHz X H NMR&^ :a C NMRr- # (DMSO- dJ$) 



Position 


5 H 




2 




161.3 


3 


7.33 (s) 


108.0 


4 




177.2 


4a 




123.7 


5 


8.05 (d 7.5) 


124.8 


6 


7,51 (ddd 1.8, 7.5, 7.5) 


125.6 


7 


7.83 


134.4 


8 


7.83 


118.7 


Sa 




155.7 


r 




155.1 




8.14 (d 7.4)* 


126.1* 


3 1 


8.08 (dd 7.4, 7,4) 


138.2 


4 J 


8.23 (d 7.4)* 


122.1* 


5 ? 




147,7 


6' 




167.8 



* Interchangeable 



[0105] (3) Q-tVn^i/77/<;i/(DW$M ! $!}(Dm'& 

-XMsM (pSHF1072) ^£96-tKn^v^^V^(6-hydroxyflavanone) <OW8k% 
^(lL)^fofcfitfit±i#>(124mg)^TLC^#tL/c^6, RffilO. 24(DMW$L 
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<|&3(21. 5mg)cD|Te n B p?r#^ 0 'fb^1*3fiFAB-MS"em/z286^^ J f-^^fcr— 

15 

H NO ir&J^ftfco 

11 5 

[0106] &fc>(b-£H&3cE> 1 H- 1 H DQF COSY, HMQC, HMBCSrS!lSbfc 0 i\&SfoZ<D 

-2— f/v) -try ^y-2-*;^Vi ( 

6-(6-hydroxy-4-oxo-4H-chroman-2-yl)-pyridine-2-carboxylic acid) <^|WJaE:L-/c 0 i 
[0107] [>fb 18] 




[0108] DS3] 
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ft u*%3 (6-(6-hydroxy-4-oxo-4II-chronian-2-yl)-pyri Jint3-2-carboxylic acid) CO 
400MHz ] H NMR^I^ 13 C NMRf-j?(DMSO-^) 



Position 


5 H 
^ H 


" c 


2 


5 78 Cd 116) 




3 


2.88 (d 17 2) 






3 1 0 (dd 11 6 17 2) 




\ 

M 




1 Q 1 A 
iy 1 **± 


4a 

-I \JL 










i i n n 
1IU.U 


ft 




lOZ.U 


7 


7 08 (dd 3 1 8 9") 




8 


6.97 (d 8.9) 


119 0 


8a 




153.9 


r 




157.2 


2' 


7.73 (d 6.8)* 


122.1* 


3' 


7.97 (obs) 


138.3 


4' 


7.97 (obs)* 


123.fi* 


5' 




153.7 


6' 




167.5 



* Interchangeable 



[0109] (4)6-tKn^7^V©^^:0^ICO[^IS: 

-XMU (pSHF1072) ^«tt)6-tKndrv'77^^(6-hydroxyflavone) cD^&Hgfc( 
lL)^Tofcfttttii%(113mg)^TLC^#fcL/ci:r^, RfftO. 3cDjgW^££LT 

7. 0mg)O|tEp B n^'#fc 0 {b^^4{^FAB-MS (positive, matrix glycerol) -Cm/z28 
4^^^t°— ^(M + H) + ^$lJ£fU *H, 13 C NMRf-^^ti^^f 
T^(D^-5£teC H NO i:$^£tLfc 0 

15 9 5 

[0110] IkWk&^&H-H DQF COSY, HMQC, HMBC3:jU^Lfc 0 4k&$)4(D 

kk%lfi>b-bM%t-tZ>^k\z£V), ^^#34^r6-(6-tKndrv--4-^-=¥y-4H-^n^^ 
-2— f/V) -t°y ^y-2-^;^Vi ( 

6-(6-hydroxy-4-oxo-4H-chromen-2-yl)-pyridine-2-carboxylic acid) ^|1iJaE:L-/c 0 
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[0111] [>fbl9] 




[0112] [M 

ffc-tHS)4 (6-(6-hydroxy-4-oxo-4H-nhromen-2-yl)-pyridine-2-carboxylIc acid) (D 



400MHz *!! NMRRtf 13 C NMRf- 9 (DMSO - d 6 *P) 



Position 




6 r- 


2 




160.5 


3 


7.30 <s) 


107.1 


4 




177.0 


4a 




124.6 


5 


7.34 (d 2.6) 


107.5 


6 




155.1 


7 


7.30 (dd 2.6, 9.2) 


123.3 


8 


7.68 (d 9.2) 


119.9 


8a 




149.2 


r 




155.1 


2* 


8,27 (br s)* 


122.6* 


3' 


8.14 (obs) 


138.6 


4' 


8.14 (obs)* 


125.9* 


5' 




148.2 


6* 




166.3 



* Interchangeable 



[0113] (5) 7-K}?v3ri<'-77s*/>'(D&&myo<DW\fe 

JkBW (pSHF1072) ^£97-tKP^^^VV(7-hydroxyflavanone) <DW8k% 
^(lL)SrfTofcatttti^(113mg)^TLC^#tLfc:^5, RfffiO. Z<T>Wtoi££&. 
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5(68. 5mg)(D|tEB B n^#^ 0 {b^^5f^FAB-MS (positive, matrix glycerol) "C 
m/z286^^f--Y^tr— ^(M + H) + ^|t|$lj£;^ 1 h, 13 C NMRf-^^t 
^^T^rcD^H^teC H NO ^S£iL/c 0 

15 11 5 

[0114] &\Z.i\&tfo5<D L ¥l-U DQF COSY, HMQC, HMBC£r$lJ^L/c 0 it^^5(D 

kk&fabhffltit-t&^k^V), ^^#35^6-(7-tKn= 3 r^-4-^y-4H-^n-^^ 

-t: o y>^-2-#/^>lt (6-(7-hydroxy-4-oxo-4H-c 
hroman-2-yl)-pyridine-2-carboxylic acid) <^|W1aE:L/c 0 ^^iilf^^t c^Tfeo/c 

[0115] Wb20] 




[0116] m5] 
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ft a (6-(7-hydroxy~4-oxo-4H-chroman-2-yl)-pyridine-2-carboxylic acid) (O 
400MHz 'H NMR&^ 13 C NMRf U; /(DMSO-^) 



Position 



4 

4a 
5 
6 
7 
8 

8a 

r 

2 s 
3 s 
4' 



5 



6' 



5,82 (br d 10.5) 
2.80 (br d 14.5) 
3.05 (br dd 10.5, 14.5) 



7.62 (d 8.3) 
6.53 (d 8.3) 

6,41 (s) 



7.97 (br s)* 
7.97 fobs) 
7,97 (obs)* 



79.4 



42.2 



189.2 
113.4 
128.4 
111,0 

165.2* 
102.8 
162.6 
157.1 

123.7** 
138.2 

122.5** 
153.5 
167.9 



*, ** Interchangeable 



[0117] {§)2r-7^~)V^/Ty<DW&M*fo(D^[% 

(pSHF1072) , RTF* J^BW (pBPA715-707BC) fc<fc ^~?\<*sr / 
(2-phenylquinoline) (DW&MWi OS- 100ml) SrffV \ HPLCfc«fct)gEIM 5 £>Jfcifc 

072) 2-7 ai^jV^c (2-phenylquinoline) (OWfig^lk (1L) Srff V \ 
tttti^(210mg)^TLC^#fcb/c^6, RfjgO. 3£)0W^J5£LTl ^££#¥11 K 
Lfc Q ^^l^y^^V^n^h^y^— KXymm^ £bt^HPLC(#^A: 
S4f*y-fe/W^7^SG, [l@10mmX250mm, 35%MeOH, 0. 2%TF 

A)U«IL, ^^6(21. 3mg)c7)|iBB R B^#7co 
[0118] {^^6ttFAB-MS-em / / z251^5>^-^>'t 0 ^^(M + H) + ^||glJ^tb, 1H 

, 13C NMRf-^^b#i^^*T^0^f^(j:C H N O ir&^ftfco 

15 10 2 2 
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[0119] ^U^^^H-H DQF COSY, HMQC, HMBC&M&L-fc a Z.tlbfa£> 
>-2-4/V-t°}) vV-2-#/V^Vg£ (6-quinolin-2-yl-pyridine-2-carboxylic acid) t 

[0120] [^21] 




[0121] [g6] 
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ifc-u^S (6-quinolin-2-yl-pyridine 2-carboxylic acid) (/} 
400MHz X H NMRS(^ 13 C NMR7 1 — 9 (DMSO — dJ\* ) 



Position 



4a 



5 



7 
8 

8a 

l 5 

2 3 

3' 

4' 

5' 

G 5 



5 H 



8.70(d 8,6) 
8.55 (d 8.6) 



8.04 (d 7.9) 
7.64 (dd 7.4, 7.9) 
7.81 (dd 7 A, 8.3) 

8.11 (d 8.3) 



8.79 (d 6,9)* 
8.18 (dd 6,9, 7.7) 
8.15 (d 7.7)* 



154.4 
118.6 
137.2 
127.9 
127.8 
127.1 
130.0 
129.0 
146.9 
154,9 
124.0* 
138.6 
125.2* 
147.8 
165.7 



* Interchangeable 



[0122] (7) Z-y^^/V-^l/^^J— /U(DW^m^(DmM 

^BM (pSHF1072) t^J:'92-7^^/V-<^i/^- : ^f-yWV(2-phenylbenzoxazole 

WiWuk, $?)i-5j v ®HPLC (*7i^ : f 4f *7°t/Wv7^SG, WM 1 Omm X 250m 
m N ^M:50%MeOH, 0. 2%TFA) XffiMV, ^^#97(18. Omg) (DUaa^fc 

o 

[0123] ^-^^7(iFAB-MS-em/z241^5>^-^^t°— ? (M + H) + fr>WlM£fo, 'H, 
13 C NMRf^- ?frb^Z.&t>"&X%:<Dft^- : &nc UNO b®:7££frlfr 0 

13 8 2 3 

[0124] &.Ki\Z-&!fa7 tfYL-n DQF COSY, HMQC, HMBCSrSOJtbfc,, ^frlbfab 
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6-benzooxazol-2-yl-pyridine-2-carboxylic acid) b\S\*HE\sfz 



[0125] [>fb22] 




N 



2A\ / 




2' 3' 



[0126] [JI7] 



(6- benzooxazoI-2-yl-pyricline-2-carboxy]iK acid) 
ff>4QQ MHz *!! NMR^I^ 13 C NMRf — & (DMSO — ) 



Position 



3a 

4 

— 

o 

6 
7 

7a 

r 

3 ? 
4' 
5' 
6* 



7.88 (d 8.4) 
7,46 (dd 7.6, 8.4) 
7.51 (dd 7.6, 8.4) 

7.88 (dd 8.4) 



8.79 (d 6.9)* 
8.22 (obs) 
8.22 (obs)* 



160,6 
141,0 
120.4 
125.2 
126.4 
11 1.4 
150,5 
149.1 
126.3* 
139.1 
126.7* 
145.2 
165.6 



* Interchangeable 



[0127] {&)^-7^~;\><DW&M*to<oWfe 

±BM (pSHF1072) , Rt5, JkBW (pBPA715-707BC) fc^bT^rvW 
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PA715-707BC) ^£«9t^a^/V(biphenyl) <£>g£gyiifc(lL) Sr^fTo/M-i-tttH^ ( 
121. 7mg)£rTLC(CH CI :MeOH:H 0=4:1:0. 1) KfcL-fcbZ.^ RfttO. 4 

2 2 2 



1 :MeOH:H 0 = 6:1:0. 1) fcXW^MWi. £fe^^HPLC ^£^77" 

2 2 

-fe/W^^^SG, Egl0mmX250mm, ^ffi:60%MeOH, 0. 2%TFA) t?ffi $ib 
,^^8(79. 2mg)©M n n n ^#fc 0 
[0128] ^^^8ttFAB-MS-em / / z200^^-^-^^t°— ^(M + H) + ^H7|lJ§tL, 'H, 
13 C NMRr-^^^^WT^^^fSdC H NO £&^£;ft,;fc 0 



[0129] ^C^^^^Scd'h-'h DQF COSY, HMQC, HMBC£r?IiJ^Lfc 0 rftb^k 

#btLfc'[f#^Wb^#il^(^i;b^^^^-r5rt^j;"9, ft^8^6-7x- 

7l/-t°y> ? ^-2-^7/V^> / ^(6-phenyl-pyridine-2-carboxylic acid) ^IH^bfc 0 -€:<Z) 
(#|flBS55-000307^^) X&ZtiK Ztl&ftZ<D\Z!&mt£&&&£fcte^&& : ft 

[0130] Mb23] 



12 




COOH 



8 



[0131] [SB] 
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4t J n' f $j8 (6-phcnyl-pyridine-2-carboxylic acid) 
C0400MUZ *H NMR&T/ 13 C NMRf-^(DMSQ-^) 



Position 


u H 


u c 


1 




loi.u 


2 


ft 1 7 fH 7 


1 9R 7 




7 frlrl 7 9 7 9") 


1 9R 7 


4 


7 4-R C'rlH 7 9 7 9^ 


1 9Q A 


5 


7 52 (dd 7 2 7 2) 


1 9H 7 


6 


8.17 (d 7.2) 


126.7 


1' 




155.8 


2' 


7.98 (d 7.7)* 


123.1* 


3' 


8.05 (dd 7.6, 7,7) 


138.4 


4' 


8.19 (d 7.6)* 


123.2* 


5' 




148.1 


6' 


■ 


166.0 



interchangeable 



[oi32] (9) (y^i/^-)%>v^<DW@kWto<r>^fe 

JkBW (pSHF1072) XlttMW (pBPA715-707BC) K^Y^^t) {{ 
trans-)chalcone) (D^.Wk%^.{lV) Stf? ofdfiJfitiB^ (456mg) ^TLCi^b/cir 

77>f- ^£"9fiBU ^4^9(30. 7mg)©^ n n p^#fc 0 
[0133] {b^^9ttFAB-MS^m / / z256^5j*^-^>'t: 0 — ^(M + H) + ^S||glJ^tb, 'h, 

15 13 3 

[0134] ytKikfeSfoSa^U-ll DQF COSY, HMQC, HMBC^|J^Uc 0 it^$)Q<D 

VcmfrbMtir-r^hK&V , ^^9^6-(3-^y-3-^m^7k-^ 0 ntVP)-t o y 

v 5 ^— 2— )Vi$l/^i (6-(3-oxo-3-phenyl-propyl)-pyridine-2-carboxylic acid) <h|WlAEi 
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[0135] [>fb24] 



0 




[0136] K9] 



$}9 (6-(3-oxo-3-phenyl propyl)-pyridine-2-carboxylic acid) 
PMOOMHz l H NMR&^ ]a C NMRf-?(DMSO-^) 



Position 


5 H 




1 


3.59 (br s)* 


31.4* 


2 


3.67 (br s)* 


39.8 


3 




200.0 


4 




137.3 


0 


8.03 (d 6.3) 


129.2 


6 


7.51 (dd 6.3, 7.2) 


129.7 


7 


7.63 (dd 7.2, 7.2) 


134.6 


8 


7.51 (dd 6.3, 7.2) 


129.7 


9 


8.03 (d 6.3) 


129.2 


r 




158.8 




7.51 (br s)** 


129.2** 


3 s 


8.41 (obs) 


137.3 


4* 


8.41 (obs)** 


125.5** 


5 s 




146.1 


6' 




169.1 



*, ** Interchangeable 



[0137] (10) S-7^~7V-l-^l/^;i/(DW$M ! $)<7)W\'& 

^§M(pSHF1072) ^i^S-^^^/lz-l-^^V^O-phenyl-l-indanone)©^ 
m^(lL)^tfo/cfitit±i^(79mg)^TLC^#tL/t^r5, RfjSO. 2©!^^ 
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^> £fe{^^HPLC(#^:^^^#:^i^l^V^SG, ISlOmmX 250mm, 
^$£:50%MeOH, 0. 2%TFA) "Clt^U ^-^#510(10. Omg) ©|«Ep p p£r#fc 0 
[0138] {^^10«FAB-MS-em/z253^^-^^t°— ^(M + H) + ^»J$^, *H 

15 11 3 

[0139] ^^b'^#JlOGD 1 H- 1 H DQF COSY, HMQC, HMBC£r$iJ^L/c 0 rttb^* 

n&y-' i >^>-i— iM -try vV-2-#/v^v^ ( 

6-(3-oxo-indan-l-yl)-pyridine-2-carboxylic acid) <^|W]^bfCo ^tUi^f^/^bci^ 
[0140] Mb25] 




[0141] [Jao] 
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10 (6-(3-oxo-itidan-1 -yl)-pyridine-2-carboxylic acid) 
40400 MHz ^ NMR&U^C NMRr^(DMSQ-^ ) 





£ 

0 H 


o c 


1 




205.1 


9 


o.u ( yOC C\. t , 1 i . yy 


4,4. y 




6. 1 o vau 0.4, 1 f .y; 




o 


4. yd \aa 3. i , b.4; 


45.3 


oa 




156.5 


4 


7.34 (d 7.5) 


1 26.5 


0 


f . b 1 tad i .o, ( .o) 


135.0 




7 /I G (AA 7 C 7 r\ 


•inn s\ 

128.0 


7 


7 fiQ ((] 7 ^ 


1 99 Q 


7a 




135,0 


1' 




16L6 


2* 


7.91 (d 6.8)* 


123.1* 


3' 


7.y6 (dd 6.8, 7.5) 


138.5 


4' 


7.69 (d 7.5)* 


126.1* 


5' 




148.2 


6' 




155.9 



^Interchangeable 



[0142] {ll)2-y^^7V^y^\y^(D^.^M^i(DW\'^. 

±mW (pSHF1072) , RIP, -XMiM (PBPA715-707BC) 
^l/^(2-phenylnaphthalene)(D^^H^(#100ml)5rff V\ HPLC^J; 1 ^^^© 

^SI0(pBPA715-7O7BC) \CXX>2-y ^^/V-j-y ( 
2-phenylnaphthalene) (DMWk'MWi (1L) £r?T o/cfttti±i% (lOlmg) £:TLC^#tL/c 

Jfy-7 J—KROmmJ^WM, tMHPLC (*7i^ : I^f *7°-fe;Wv 7 ^SG 
, WM, 1 Omm X 250mm, ^$£:70%MeOH, 0. 2%TFA)T|fML > jk^$)ll(2 
0. lmg)(Z)Mp c p^#fc 0 
[0143] ^^^ll«FAB-MS-em / / z250^^^^-^t o — ^(M + H) + ^H?IiJS^, : H 
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16 11 2 

[0144] #Cfc'fb'£H&ll© 1 H- 1 H DQF COSY, HMQC, HMBC§ri^Lfc« rHt^ 
^l/^-2-^/V-t°y> ? ^-2-^;/l/^V^(6-naphthalene-2-yl-pyridine-2-carboxylic 

[0145] Wb26] 




[0146] [jell] 
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it-ra* fell (6-naphthalene-2-yl-pyridine-2-carboxylic acid) 



CD400 MHz *H NMRRTJ^C NMRr-^(D MSO-^tf) 



Position 




5 C 


1 


8.75 (s) 


126.3 


2 




133.0* 


3 


8.35*** 


124.4 


4 


8.05*** 


128.3 


4a 




133.4 


5 


7.97 (m) 


127.6 


6 


7.57*** 


126.9 


7 


7.57*** 


126.6 


Q 

O 


o.Ub*** 


128.7 


8a 




135.1* 


r 




155.8 


2' 


8.37 (d 7.3)** 


123.7** 


3' 


a. 11 (dd 7.3, 7.8)** 


138.7 


4' 


8.02 Cd 7.8) 


123.3** 


5' 




148.3 


6' 




166.2 



*, **Internhangeable 



[0147] ^mmw^-v^\mvtc^x(Dfm^o, wna^nm^mmn, ^<D^x^^t 
tows] ^mmKXK), ^mit^s^xnm&mm^mi&^it^x^^])^ 
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[oi49] m^mm 
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m^mm 

[1] TfB^dh (Il)Xtt(m) : 

•™-0 ?™^(~) c, - a, ^3 

(I) (II) (III) 

tKnv?^-— ;vftKn^t- if, ^^^^-/i^^^r^— if b&KfotS 
i±T, t 0 3y^H(l') N (H')Xfi(III'): 



H1-A1 




(I') (ID (III') 



HI, Al, P2, ^l5Cl«BUiEStt^^*5 l 9"Cfe5o ] 

[2] ^tatv^v'W-if, ^#Sl^tKn^— /i^-rtKny^— if, &t>^#gt^ 

[3] ^##^^^^-if\ ^#at^tKo^— /l^fcKn^^— if, 3t^#SH^ 
^-/^^^^-if ^^-K^-^jt^^Abf^mm^^^^, TfB5£ (I) 
, (Il)Xfi(III) : 



WO 2005/085435 



50 



PCT/JP2005/002755 



H1-A1 



P2-A1 



C1-A1 



CD 



do 



(no 



C^cf 1 , nut 



(I'), (Il')Xtt(III'): 



H1-A1 




COOH 



COOH 



COOH 



N 



P2-A1 



C1-A1 



(I') 



(ID 



(Ml') 



[4] 



[5] 
[6] 



5£(I), (II)X«(lll)-e*^^^^^ N :7^/V^ 7y#V, 



s 



7^, 6-tKndei/7^^V, 7-fcKPdrv^y^V^ 2-^^/U 



[7] 
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[8] KT©(a)Xli(b)©^7i 
[9] ikycD (a) Xfi (b) tf>*>v^fC«:=*^- K-T53frl£^o 

[io] nmm^i K^ti^i&mmm^h^uNA^t^m^o 
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